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Abstract 2. Methods 
The extent o which a water body can support submerged macro- 
phytic vegetation provides an indicator of its degree of eutrophica- 
tion. Regular, quantitative assessment of macrophyte populations 
enables changes in the trophic state of the system to be observed. A 
combination of aerial photography and underwater videography has 
proved to be an efficient method for calculating macrophyte cover- 
age of large coastal areas. 
1. Introduction 
The inner coastal waters, known as Bodden and Hafts, have 
suffered considerable environmental damage during the past 
several decades due to excessive inputs of nutrients. A conse- 
quence of the increased eutrophication i these estuarine re- 
gions has been a decline in the availability of light in the 
water column. As light has become increasingly limiting for 
the growth of higher plants and algae inhabiting deeper 
areas, so the distribution of the populations has been reduced 
to progressively shallower areas. The red alga Furce l la r ia  
fas t ig ia ta  was recorded by SEIFERT (1938) at a depth of 8.0 
m, whereas today the maximum depth limit for red algae lies 
at 6.5 m. The average vertical depth limit for the growth of 
macrophytes in Greifswalder Bodden now lies at approxi- 
mately 4.0 m, which is much shallower than that found in 
earlier surveys, and indicates that the areal cover of macro- 
phytes has been significantly reduced. 
Therefore, due to the usefulness of macrophytes as indi- 
cators of eutrophication, the object of our investigations was 
to determine the degree of submerged macrophyte cover in 
the investigation area. 
Conventional methods for quantitatively measuring vegetation 
cover, such as SCUBA diving, or benthic grabs, can only be used to 
assess very small areas. Literature values for the macrophyte cover 
of large areas of coastline represent very rough estimates, often ex- 
trapolated from relatively small investigation areas. The evaluation 
of aerial photographs enables one to effectively evaluate the macro- 
phyte coverage of large inshore coastal areas (Fig. 1). However, 
parts of the aerial images can only be evaluated with the use of 
'°ground truth" information collected simultaneously. Examples of 
such areas, which have the same color values as macrophytes, are 
deeper waters, areas of dark substrate without vegetation, mussel 
banks, accumulations of dead plant material in deep sinks, or areas 
with vegetation on land. The evaluation of these areas is done by 
using of underwater video equipment, which also allows large areas 
to be covered in relatively short times. 
The equipment consists of a mobile, battery-powered, cable- 
bound underwater video camera, which can be towed from an inflat- 
able dinghy. The equipment (developed by the Underwater Technol- 
ogy Group) has, as shown in Fig. 2, a current-resistant frame which 
enables the camera to slide gently along the seafloor. The actual po- 
sition of the camera (given by D-GPS) and the depth (echo sounder) 
are transmitted and stored in parallel with the S-VHS video signal. 
By criss-crossing the macrophyte populations with long transects, it
is possible to estimate the community composition i relation to the 
relevant substrate type, the vertical zonation of the habitat and the 
vertical depth limits of the species. 
Fig. 3 shows a typical view of the community found in the north- 
em Greifswalder Bodden. Stones or marl function as substrate for 
the extensive Furcellaria fastigiata - Polysiphonia nigrescens -
community. 
The results from this type of underwater imagery are transferred 
to a PC, assembled into a map and used as ground truth data for aeri- 
al photography. 
0075-9511/99/29/03-311 $ 12.00/0 311 
The analysis of aerial photographs, utilising digital image analy- 
sis, consists of two steps: image enhancement and image evaluation. 
The original photograph is first scanned as a digital image, then the 
important areas of the image are seperated and the contrast of the 
image is enhanced. Then a binary value is given to each pixel of the 
image, the threshold level for binarization depends on different fac- 
tors, such as water depth, exposure and quality of the aerial photo- 
graph, substrate on the bottom of the water ... So the value of this 
threshold level differs from part to part of each image. 
The result of binarization is that pixels which depict vegetation 
receive a grey scale value of 0, and those without vegetation receive 
a value of 255. The whole image is then evaluated with a histogram 
analysis. The number of pixels with the value of 0 is counted and 
converted into more useful areal units. 
This figure can be used to calculate the portion of the investiga- 
tion area which is inhabited by macrophytes, in other words the per- 
centage cover can be calculated. 
Fig. 1. Aerial photograph of Gahlkower Haken. 
Fig. 3. Underwater image ofZickersches H6ft. 
Fig. 2. Towed housing for camera. 
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Fig. 4. Macrophytobenthic research in the Greifswalder Bodden in 
1990. 
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3. Results and Discussion 
We had access to contact copies of aerial images from flights 
in 1990, 1994 and 1995. Fig. 4 shows the results of the 
macrophyte assessment for 1990. The Calculated cover for 
this year is, for the entire Bodden, 4%. 
The underwater video images showed, that the mean 
lower depth limit of macrophyte in Greifswalder Bodden lay 
between 3.0 m and 4.0 m depth. 
Using these values to define the range of depths (i.e. light 
conditions) at which growth is possible, it can be estimated 
that the area of the benthos which can potentially support 
macrophyte growth is between 22% and 30% of the total 
area. However, the aerial photography results presented 
above show that only a small percentage of this area is actu- 
ally colonised. The reason for this discrepancy is that light 
availability is not the only factor controlling macrophyte dis- 
tribution. Other factors may also be of great importance. For 
example, red algae, which can potentially extend into deeper 
areas due to their pigment composition, require a hard sub- 
strate for attachment. Besides, the settlement of Zostera ma- 
rina on large sand banks is hindered by the mobility of the 
sediment due to local current conditions (e.g. at Thiessower 
Haken). The properties of the substrate (hard- or soft-bot- 
tom) and the underlying regional current directions generally 
remain nearly constant from year to year. Therefore, it will 
be interesting to see the extent to which the macrophyte 
cover changes between the two successive years 1994 and 
1995. This work is still in progress as part of the research 
project GOAP (= Greifswalder Bodden and Odra Estuary ex- 
change processes). 
However, it will not be possible to correlate the degree of 
vegetative cover and the light climate from the data of the 
aerial photos available to us. Much longer data sets are need- 
ed for this purpose, in order to distinguish between ormal 
year-to-year variation and real, long term trends. 
4. Summary 
The results presented here show very clearly, in comparison 
to previous publications (estimates of macrophyte cover), 
that the best way to quantify the cover of the boddens and 
hafts is by large scale, synoptic evaluations and not with 
point estimates of populations. To this end, aerial photogra- 
phy in combination with underwater videography, has 
proved to be an efficient method for the mapping of large 
areas of the inner coastline. The techniques presented here 
allow long-term observations tobecome conomically feasi- 
ble, particularly when it is realised that the remotely sensed 
image can also be used by other users, e.g. for estimating 
phytoplankton populations, for finding areas threatened by 
flooding, or for following coastal erosion and sedimentation 
processes. 
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